PHENOMENOLOGY OF A SU(2) TRIPLET HIGGS * 
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In this contribution we extend the study in Ref. [1] of an extension of the 
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■ We study the Renormalization Group (RG) evolution of the couplings in 

a model with a real SU(2) triplet in the Higgs sector. Insisting that the 
model remain valid up to 1 TeV we show that it is possible for there to 
, be no light Higgs bosons without any otherwise dramatic deviation from 

the physics of the Standard Model. 

> 

lO i 1 Introduction 

o 

I Standard Model in which a real scalar SU{2) triplet with zero hypercharge is 

CO ■ added to the usual scalar SU{2) doublet. For details see Ref. [2]. The scalar 

potential of the model in terms of the usual Standard Model Higgs, $i, and 
, the new triplet, $2, reads 

I ' 

T^0('i>l, $2) = + Y I*2P + Ai |<i>i|4 + ^ |<i>2|4 + ^ |ci>l|2 |ci,2|2 

\ where cr" are the Pauli matrices. The expansion of the field components is 

with 77^ = (771 =F 7772) /v^ and 0° is the Goldstone boson which is eaten by the 
The model violates custodial symmetry at tree level giving a prediction of 
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p = 1 + 4 (jfi^ for the p-parameter. In the neutral Higgs sector we have two 
CP-even states which mix with angle 7. The mass eigenstates {H^,N^} are 
defined by 

H° \ _ f COS7 -sin7 \ f \ 
iV° J I sin 7 cos 7 I \ v'^ J 

In the charged Higgs sector the mass eigenstates {g^,h^} are 

( 9^ \ ^ ( cos/3 -sin/? W '/'^ \ 
\ J y sin/3 cos/3 j \ j ' 

The arc the Goldstone bosons corresponding to and, at tree level, the 
mixing angle is tan/3 ~2j^. The precision electroweak data constrain /3 to be 
smaller than about 4° [1]. 



2 The beta-functions 

In Ref. [2] the beta functions for the couplings were calculated using the one- 
loop effective potential [3] with MS renormalization in 't Hooft-Landau gauge 
and the anomalous dimensions for hP and rf, the results read 



= (4A^ + 4A3/x2 + 10A2M2) - ^5^2. 



87r2 V16 ^ ' 4 8'' ^ 16' 

^ 1 A?,2 9 2 3 ,2\ , 



/3a. = ^(6/ + llA^ + A^)- ^^2^^^ 

/3a3 = ^(3<?^ + 6A,A3 + 5A2A3 + 2Ai)-Hg| 

/5a4 = ^4 (Ai + As) + ^ (4 /i^ - - 5'') A4. 

In the gauge and top quark sector the beta functions for the U{1), SU{3) and 
Yukawa couplings are the same as in the Standard Model and only the SU{2) 
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coupling is modified due to the extra Higgs triplet in the adjoint representation, 
i.e. (3g — — .9^- 

Working with the tree-level effective potential with couplings evolved using 
the one-loop (3 and 7 functions we are able to resum the leading logarithms 
to all orders in the effective potential. To carry out the RG analysis we first 
introduce the parameter i, related to /i through = mz exp {t). We perform 
evolution starting at i = 0. The RG equations are coupled differential equations 
in the set {gs, g, g' , ht, /Ui, /i2, Ai, A2, A3, A4}. We choose rather to use the 
set {os, mz, sm^ 6w, n^t, Wft,*, tjiho, mjvo, v, tan/3, tan7}. 

Within the accuracy to which we are working, the values of the couplings 
at i = can be obtained from the input set using the appropriate tree-level 
expressions. Making use of the vacuum conditions and the notation = v 
and = I tan (3 we can write the tree level masses as 

ml = \v^(9'+9''), m^^ = \g^v^l+te.n^P), 
rrij = ^ht^v^, m^± = u A4 (cot /3 + tan /J) , 
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nijjo = V <^2v Xi + ^A4 — - w A3 tan P j tan 7 

m|ro = A4 (cot /3 — tan 7) + ^ tan P (A2 tan/J + A3 tan 7) , 

with tan (2 7) = 2 A4-4 V MlantlvxTtl^ ■ Inverting these relations we can 
fix the t = boundary conditions for the subsequent evolution. To ensure 
that the system remains in a local minimum we impose the condition that the 
squared masses should remain positive. We also impose that the couplings 
remain perturbative, insisting that \Xi{t)\ < An for i = 1,2,3 and IA4I < 47rw. 
We run the evolution from t = to fmax = log (A/mz), with A = 1 TeV. 



3 Results in the non-decoupling regime 

In the non-decoupling regime the triplet cannot be arbitrarily heavy. For this 
case in Fig. 1 we show the range of Higgs masses allowed when there is no mixing 
in the neutral Higgs sector, 7 = 0, for /3 = 0.04. Such a value is interesting be- 
cause it allows a rather heavy lightest Higgs (e.g. for (3 = 0.04, m^/o > 150 GeV 
and for (3 = 0.05, ruijo > 300 GeV) [1]. The strong correlation between the 
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and A'^'^ masses arises in order that A2 remain perturbative. The upper bound 
on the triplet Higgs masses 550 GeV) comes about from the perturbativity 
of A3 whilst that on H'^ (« 520 GeV) comes from the perturbativity of Ai . The 
hole at low masses is due to vacuum stability. 

y=0, |! = b.04 • 



rrifjo (GeV) 

Figure 1: Allowed values of scalar masses for 7 = 




The 7 = 0.1 case has been considered in Ref. [2] and the bounds are similar 
to the no- mixing case. In the maximal mixing case of 7 = 7r/4 the bounds are 
more democratic. The largeness of tan(27) can be arranged either by tuning 
2uAi ~ A4//3 or by having small enough Ai and A4. In the former case, all 
masses are approximately degenerate. In the latter case, which corresponds to 
light masses, the degeneracy is lifted. The bounds for 7 > 7r/4 are very similar 
to those for {tt/2 — 7) on interchanging N'~' and i/". For < 0.04 and small 
7 but away from the decoupling regime the allowed regions are very similar to 
those for f] = 0.04. For larger 7, the mass bounds are again as for larger (3. 

4 The decoupling limit 

For (3 — J — there is no doublet-triplet mixing and no bound on the triplet 
mass. This is a special case of the more general decoupling scenario, which 
occurs when |/3 -f 7I ^ /3, where the triplet decouples from the doublet. For 
small mixing angles, the triplet Higgs has mass squared X^v/ (3 and it is 
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possible to have A4 ~ w by keeping ^2 large. In this case /3 + 7 « [2]. This 
is the decoupling limit in which the triplet mass lies far above the mass of the 
doublet and the low energy model looks identical to the Standard Model. 

5 Conclusions 

We have computed the one-loop beta functions for the scalar couplings in an 
extension to the Standard Model which contains an additional real triplet Higgs. 
Through considerations of pcrturbativity of the couplings and vacuum stability 
we have identified the allowed masses of the Higgs bosons in the non-decoupling 
regime [2]. In the decoupling regime, the model tends to resemble the Standard 
Model. The near degeneracy of the triplet Higgs masses ensures that, at least 
for small 7, the quantum corrections to the T parameter are negligible (the S 
parameter vanishing since the triplet has zero hypercharge) [1]. This means 
that the lightest Higgs boson can be heavy as a result of the compensation 
arising from the explicit tree-level violation of custodial symmetry and it is 
possible to be in a regime where all the Higgs bosons are heavy without any 
dramatic deviation from the physics of the Standard Model. 
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